Quantitative counting of single fluorescent molecules by combined electrochemical adsorption accumulation and total internal reflection fluorescence microscopy.
We developed an ultrasensitive quantitative single-molecule imaging method for fluorescent molecules using a combination of electrochemical adsorption accumulation and total internal reflection fluorescence microscopy (TIRFM). We chose rhodamine 6G (R6G, fluorescence dye) or goat anti-rat IgG(H+L) (IgG(H+L)-488), a protein labeled by Alexa Fluor 488 or DNA labeled by 6- CR6G (DNA-R6G) as the model molecules. The fluorescent molecules were accumulated on a light transparent indium tin oxide (ITO) conductive microscope coverslip using electrochemical adsorption in a stirred solution. Then, images of the fluorescent molecules accumulated on the ITO coverslip sized 40 x 40 microm were acquired using an objective-type TIRFM instrument coupled with a high-sensitivity electron multiplying charge-coupled device. One hundred images of the fluorescent molecules accumulated on the coverslip were taken consecutively, one by one, by moving the coverslip with the aid of a three-dimensional positioner. Finally, we counted the number of fluorescent spots corresponding to single fluorescent molecules on the images. The linear relationships between the number of fluorescent molecules and the concentration were obtained in the range of 5 x 10(-15) to 5 x 10(-12) mol/L for R6G, 3 x 10(-15) to 2 x 10(-12) mol/L for IgG(H+L)-488, and 3 x 10(-15) to 2 x 10(-12) mol/L for DNA-R6G.